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FOREWORD

This report was prepared by the Functional Textiles Section,
Textiles Branch, Materials lLaboratory, WATC, It was prepared to
present a sumnary of a part of the internal research effort of the
Materisls Laboratory. The work described herein was initiated un-
der Project No, 7320, "Air Force Textile Materials®, Task No. 73201,
"Textile Materials for Parachutes*, formerly RDO No. 612-12, *Tex-
tiles for High Speed Parachutes"; and was administered under the
direction of the Materials Laboratory, Directorates of Research,
Wright Air Develomment Center, with Mr, William O, Perry acting as
project engineer.,

Through the diligent efforts of Mr. H. J. Bickford of Cheney
Brothers, Manchester, Conn., the test fabrics for this study were
supplied to this Center.

Sgt Blotner and his assistants of the Technical Fhotographic
Section, WADC, capably assisted the author in accomplishing this
work.

This report covers work conducted from March 1953 o February 1954.
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ABSTRACT

A series of specially designed nylon parachute fabrics was
selected to represent extremes in cloth construction and to dem-
onstrate fundementals of fabric gewmetry.

By means of a somewhat unusual test arrangment it was possi-
ble to indicate the relationship of fabric gecmetry to air permea-
bility at several pressure differentials. Through the process of
establishing the ratio of total fabric area to interstice area, data
were obtainecd on yarn widths as they lie in the cloth, These data
were obtained on a variety of twist constructions and will provide
a8 knowledge and background of design data for present application
and future studies in this area,

PUBLICATION REVIEW
This report has been reviewed and is approved.
FOR THE OOMMANDER:

" M. R, VHITMORE
Techniecal Dirsctor
Materials Iaboretoxry
Directorate of Research
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I  INTRODUCTINN

A.  SBIECTIVE

The object of this work was to provide data to show the effects
of fabric geametry variables on the air permeability of certain types of
perachute cloth. It was intended that the data obtained would be helpful

and expeditious in fabric designing, and the predicting of air permeability.

The ultimate goal of thia type of work is to gain the necessary knowledge
and ability to engineer fabric constructions to meet certain preseribed
air permeability requirements without having to resort to costly trial and
error methods. The ultimate goal was not realized fram the work described
herein but rather it constitutes some of the basic knowledge neceasary for
future programs in this field of endeavor,

B. DEFINITIQN OF TERMS
In this report the following terms and definitions will apply:

Permeability: The volum§ rate of air flow through unit area of
cloth (ft7/min/ft<).

Open Area: The area of the open spaces or interstices unommal
to the direction of air flow, expressed as a per-
centage of the tctal fabric area,

Fabric Geametry: The yarn dimensions as they lie in a fabric,
and that which may be changed by twist vari-
ations and fabric finishing operations,

Other factors such as weave, thread count and yarn size are also
included.

II LITERATURE SURVEY

It has been shown, in an article written by F. T. Yeirce for the
Journal of the Textile Institute, 1937, 3, T 49, that the area covered
per unit area of cloth by the two sets of yarns, can be calculated if the
yarn widths and the thread count are accurately known, The result of this
calculation is called the "Cover Factor" after Peirce. It follows then
that the difference between the cover factor for a given area itsslf, would
be the open space area in the cloth, It is this theory which was used as
a basis for this investigation into the effects of fabric geametry on air
permeadbility.

WADC TR 54-574 1




III EXPLANATIQN AND DERIVATION OF OPEN AREA CALCULATIMNS

Figure I represents one square inch of a given cloth with a known
number of warp and filling threads psr inch, If the warp and filling
threads of one square inch of cloth were to be jammed together, so to
speak, the sffect would be similar to that shown in Figure I, This
leaves part of the square inch area uncovered by any warp or filling
threads. If the value of this open area is known, it will be assumed
that it can in some way be related to air permeabdility. In theory then,
the open area is proportional to the thread count and the yarn widths,
and may be expressed in the following form: OA = l—BT xD )+ ('rc;f x
Dp) - (TCy x D) (TCp X Dg)] 100 (1) where the bracketed term

equals the *Gover Factor' and
TC' =  VWarp thread count
'rcf = Pilling thread count
D, =  Warp yarn width

Df = PFilling yarn width

OA = Percent open area

In order to test this scheme, suitable apparatuas, fabrics and photo-
graphic assistance were obtained by Materials Laboratory persoannel, for
the purpose of obtaining accurate yarn width measurements so that open
area values for a series of nylon fabrics, could be determined fram the
above equatim,

IV APPARATUS

An experimental air permeability machine with a pressure differential
capacity of 20 inches of water was used for this study. This instrument
is showmn in Figures 2 and 3. The photographic set up is shown in Figure J4.

¥ DESCRIPTION OF NYLON FABRICS USED IN THIS INVESTIGATION

A. GRNERAL RESCRIFTION

The fabrics were manufactured to meet Specification MIL-C-7020, Type
Ii, except that twist variations were inserted in the warp and filling
yarns, This specification describes nylon parachute cloth weighing 1.6
ounces per square yard and is used in the fabrication of parachutes., The
twventy-eight (28) different fabrics were woven and finished by Cheney
Brothers, Manchester, Conn,

WADC TR 54-574 2
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B. KEY TC SAMPLE NUMBEES

Twist in warp yarn

7 = T turns per inch of throwster's twist in 2 direction
10 = 1C turns per inch of throwster's twist in Z direction
Finish’
N = Not calendered
C = Calendered

Twist in filling yarns

1/2 = 1/2 turn per inch of producers twist in Z direction

2 1/2 =2 1/2 turns per inch of throwster's twist in Z direction

5 = 5 turns per inch of throwster's twist in 2 direction

Zxample: Sample 7Cl5 has 7 turns of Z twist per inch in the
warp ends, was calendered in finishing and has 15
turns of 2 twist per inch in the original filling
yarn,

C. DESCEIPTION OF WARPS

All of the ssmples of cloth with 7 turns per inch in the warp yarn
were woven froam the sane warp,

All of the samples with 10 turns per inch in the warp yarn were
woven frum the same wery.

The basic yarn in each of these warps was 40 denier, 13 filament,
Type 20C nylon.

Each werp wes made with the following ends:

Selvedge 36 ends
Body L572 ends
Selvedge 36 ends
Total INING erds

+2 colored identification threads in each selvedge.

WADC TR 54-57h 3
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The 7 turns per inch warp samples were woven on a 56" Crampton
and Knowles single - shuttle speed loom,

The 10 turns per inch warp samples were woven on a 46" X D braper
gingle shuttle loam.

D. DESCRIPTION OF FILIING

All samples were woven with 72 picks/inch in the loom.  The basic
yarn was 70 denier, 34 filament, Type 200 nylon in semples with 5 and
T turns of twist., All other samples were made with Type 100 nylon, same
denier and filament count,

E. ¢UIs
The samples were woven in four separate cuts:
Cut 1 - Samples 7N1/2 through 7N35 inclusive
Cut 2 - Samples 7C1/2 through 7C35 inclusive
Cut 3 - Semples 10N1/2 through 1lON35 inclusive
Cut 4 -~ Semples 10Cl/2 through 10C35 inclusive

Each cut was processed through all operations without separating
individual samples until after finishing.

F. FINISH

All samples marked calendered, were calendsred in the greige with &
hy3raulic pressure of 80 tons and with steel roll temperstures of 190 -
210 °F. The cloth was passed through the pressure points of the rolls
twice. The cloth was then jig scoured, crepe dried at 240 °F, 70 yards
per minute, and finally steam tentered.

All twenty-eight (28) samples were tested at Cheney Brothers for
filling twist, air permesbility at 0.5 in. pressure differential, thickness
and thresd count. These data are shown in Appendix I, lable I,

VI 9EST PROCEDURES AND METHOD OF HANDLING DATA
As previously stated in Sect.on III, one purpose of this experiment
was to obtain yarn width measurements for use in calculating the percent

open area by eauation (1).

Another purpose was to detect any change in the cloth area under test
due to pressure differential on the specimen,

In order to obtain the necessary data for the calculation of percent

open erea of the cloth at rest, and dynamical.y, the apraratus was ascembled
as shown in Figure j,
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Each of the twenty-eight (28) different samples was tested for air
permeability at the following air pressure differentials:

O inches of water
2 inches of water
5 inches of water
10 inches of water
18 inches of water
These test data are shown in Appendix I, Table II.

One photograph was made simultaneously with the determination of air
permeability at each of the above pressure differentials, This was ao—
complished on all twenty-eight (28) samples of clcth and gave a total of
140 photographs for study and measurement of warp and filling yarn widths.
The finished photographs were standard letter size and had a magnification
of 88 diameters. One complete set of these photographs are included in
Appendix II for clarity. In order to decrease the bulk of this report the
other four (4) sets have been excluded. However, the data on yarn width
taken from these prints are included herein,

The 140 photographs were evaluated for fabric thread count and warp
and filling yarn widths. These values were substituted in equation (1)
and the percent open area determined, These data are shown in Appendix I,
Tables III and IV, The width measurement and thread count measurement were
made with a plastic scale reproduced from a photograph made in exactly the
same manner in which the fabric prints were made., Its magnification was
the same ( 88 diameters). A photograph of this scale is shown in Appendix
II, The smallest graduation of the original scale was equal to 0,001 inches,
while the smallest graduation of the reproduced plastic scale was equivalent
to 0.088 inches.

The transparent plastic scale was superimposed on the photograph and
the average yarn widths and thread counts determired from numerous measure-—
ments,

The calculated percent open area values were plotted against air
permeability at the various pressure differentials. These data are shown
in Appendix I, Figures 5, 6, 7, and 8,

The effects of twist in the warp and filling yarns, and the effects of
calendering, on air permeability are shown in Appendix I, Figure 9.

WADC TR 54574 5
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VII. DISCUSSICN

The experimental data shown in Figures 5, 6, 7 and 8 are obviously
scattered about a visually determined curve, This may be due in part to
the fact that only a relatively small portion of the cloth arsa through
which the air permeability was measured, is shown in the photographs.
Complete accuracy in determining thread count was not poessible because
of natural fabric variance and the non—-uniformity of sley induced by the
grouping of warp yarns in the reed.

It should be borne in mind that other factors, such as yarn tension,
crimp and finishing techniques, will each have some effect on the fabric
open area. This has been an attempt to: (1) Measure the sum of all of
these various effects, including yarn twist, in terms of the final differ-
ences between the total fabric area and its open area and; (2) to correlate
these resulis with air flow at several air pressure differentials,

VIII, CONCLUSIONS

1. This study indicates strongly that the percent open area in the
cloth tested, has a linear relationship with air permeability, at least at
the pressure differentials studied,

2, The variation of yarn twist in either the warp or filling yarns,
has a pronounced effsct on the open area and air permeability of nylon
parachute cloth,

3, It is believed that some part of the objective of this study has
been attained in that the mechanics of air flow through cloth has been some—
what simplified. However, much is still to be done in the way of establishing
clear cut design data on yarn width constants and effects of biaxial loading
on open area and air permeability of nylon parachute types of fabrics,

It can be seen from Table IV that the maximum cloth area available
for air flow is approximately 20 percent at the pressure differentials used.
This is considerably more than would be permitted for this type of parachute
cloth since strength decreases with addition of twist in excess of 15 turns
per inch and weight of cloth increases also with addition of twist,

4. There is some indication from these data that fabric open area

increases with pressure differential, It is anticipated that this will be
investigated in future work at Wright Air Development Center,

WADC TR 54574 é




APPENDIX I TEST AHRANGEMENT AND TABULATION OF PHYSICAL DATA

TABLE I

TEST FESULTS OF FINISHED NYLOJ CLOTH

Filling Twist *Aiy PermeaBility Warp Filling

Sample . Turps/inch ft-/min/ft Ends/inch Picks/inch
701/2 1.15 27 129 7
7C2 1/2 3e45 32 129 76
7C5 6415 s3 129 7
7C7 7495 70 129 76
7C15 16,85 18) 128 76
7020 23.50 271 128 e
7C35 39.60 395 127 75
TNL/2 1.05 110 128 7
™2 1/2 3440 142 127 76
NS 6.25 186 127 7
™NT 8.00 221 127 76
TN1S 16,60 367 12} 76
TN20 23,30 Lés 124 76
TN3S 39.40 610 123 Th
10C1/2 1.10 25 128 76
10C2 1/2 3.45 37 129 76
10C5 6.60 66 130 76
10C7 7.70 81 130 76
10015 16,45 218 126 76
10C20 23,00 300 128 76
10C35 39.50 Ls7 128 75
WADC TR S4-574 7




Semnle
10N1/2
1N2 1/2
10N5
10N7
10N15
10820
10835

TARIE I TEST RESULTS OF FINISHED NYLON CLOTH (cont‘'d)

Filling Twist,

1.10
3430
6.25
760
16.80

23,10

39450

LJ V8 Pemeaa:llity.
wimn/te

112
161
206
245
4ot

545
692

Above values are averages of three (3) tests,

Yaxrp

‘ 128
128
128
128
126
125
124

¢ Taken at a pressure differential of 0,5 inch of water

Senmple

7C1/2
702 V2
7C5
7c7
€15
7Cc20
7C35
™1/2
™2 1/2

WADC TR 54-57h

Alr Permeabdility
D

Pres

Q 2
0 75
0 102
0 158
0 180
0 434
0 890
0 1073
0 237
0 37

TABIE I

(£13 Mmin/re?) @
t of wa
2 10 a8
51 265 397
207 356 511
302 492 725
342 539 791
772 1185 1708
1253 1936 2647
171 2572 3600
hy2 690 969
59% 939 1322
8

PRESSURE, PERMEABILITY AND FILM DATA

Orifice
Diameter,

Film
Roll

Filling
Bicks/inch

76
76
76
76
76
76
(4]

Film
Ea, dsure

bp, __  Nupber [Numberp

8.15
8.15
8.15
8.15
11,00
16,00
16,00
8.15
11,00

- W W W

&

l1%5
6 to 10
11 to 15
16 to 20
l1tof
6 to 7A to 10
11 to 15
l1to5h

11 to 15
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TABLE II PRESSURE, PERMEABILITY AND FIIM DATA (Cont‘d)

Sample AMir Permeability (£t3/min/ft°) =t

Number IXeasure

8 2
™5 Y h69
™7 0 833
™15 0 1049
™20 0 1193

™35 0 1550
10C1/2 0 95
wc21/2 o 131

1065 0 183
10C7 0 143
10C15 (] 564
1020 0 1133

10635 5 193
161/2 0 300

WN21/2 0 35

1ONS 0 535
1087 0 833
1915 0 1073
1aN20 0 1313
LON35 o m

NR = No Reading

WADC TR 54-57h

2
838
1097
1657
1936
2542
183
264
356
35
980
1372
1984
5k9
701
980
1193
1847
2257
827

pl]
1265
1633
417
2931
3760

300

576
5%

1485
2026

2768

1096
461
1752
2732
3368
ne2

18
1830
2299
3416
1048
NR
163
655
843
879
an
2827
4ok8
1194
1540
212}
2477
3602

NR

Orifice

mmt.r'

Yila
Foll

Milm
Expomire

M. Nmber Hwmbers

11,00
16,00
16,00
16,00
16,00

8.15

8.15

8.15

11,00
11,00
16,00
16,00

8.15
11,00
11,00
16,00
16,00
16,00

16,00

N =N =N &ttt oy W

o O O O

16 to 20
6 to 10
l1t05
21 to 25
16 to 20
lt5

21 to0 25

16 to 20
11 to 15
6 to 10
l1toh
21 to 25
11l to 15
6 to 10
lt}5
21 to 25
16 to 20
11 to 15
6 to 10




TABIE III

THREAD COUNT AND YARN WIDTH MEASUREMENTS FROM PRINTS

Semple Ends Per
Nsmber Inch
7C1/2 134.6
7Cc2 1/2 132.7
7C5 134.2
7c7 130
7C15 131.3
TC20 129.2
7C35 13241
™1/2 133.3
N2 1/2 130
™5 131.4
™? 136,1
™N1S 126.5
TN20 126.9
™35 12546
10C1/2 13044
loc 1/2 133.1
10C5 132.3
10C7 130
10C15 128,2
10C20 130,8
16G35 131.5
WADC TR 54-57h

SAMPLES UNDER NO PRESSURE DIFFERENTIAL

Picks Per
ioch

77.8
79.1
7.7
80,8
81.3
80.4
763
7540
78.4
7.7
78,8
7.7
79.8
81.3
7548
7145
7549
7745
7547
78.3
7543

Averzge VWerp

Yarn Width (in,)
«0058
#0053
«0058
«0057
0059
«0056
+0061
+0049
+0049
#0047
0046
0048
0048
»0051
#0059
#0061
0059
«0060
+0054

«0060

#0055

10

Average Fill
Xazp Width (3n.)

#0111
0123
0120
0114
0100
20081
+0069
0118
0120
J0111
0107
~0081
«0073
+0049
«0138
0124
.0128
0121
«0098
.0083
0067




TABLE TII THREAD COUNT AND YARN WIDTH MTASUREMWNTS FROM PEINTS (Cont'd)

SAMPLES UNDER NO FRESSURE DIFFERENTIAL (Cont‘d)
m Ends Per Picks Per Anru'ge Yerp A:arasediill \
10N1/2 128.8 76.5 <0047 40120
1N2 1/2 130,7 7647 #0052 +0110
10N5 132.1 76.7 0050 4010k
1087 132.3 76.3 «0049 +0X00
10N15 126,7 76,0 0046 ~0090
1020 127.3 76.5 40046 : +0078
10N35 127.1 T5¢h «0054 «0051

SAMPLES INDER PRESSURE DIFYERENTIAL OF 2 INCHES OF WATER

7C1/2 134.8 7743 0059 0127
2 1/2 132.3 78.8 0052 0122
7¢5 135.2 78.0 +0058 ,0122
€7 131.3 80.9 0053 0113
Q5 131.3 81.5 0056 0104
7C20 129,5 80,7 ' «0056 0081
7635 132.0 76.3 +0054 0070
™1/2 134.6 7540 0051 0115
™2 1/2 129.8 T7.9 .0048 0121
™5 131.0 T7.5 <0047 , 0115
™7 136.3 78.8 «0046 ~0104
N1S 127.3 TS +0050 0083
TN20 126.9 80.2 «0047 .0077
™35 125,0 81.0 «0055 <0048
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TABLE III THREAD COUNT AND YARN WIDTH MEASUREMENTS FROM PRINTS (Cont'd)

SAMPLES UNIER PRESSURE DIFFERENTIAL OF 2 INCHES OF WATER (Cont‘'d)

Sample Ends Per Ficks Per Lverege Warp Average Fill
Nember Joch. po 1 N Yapn Width (ina) Lern Width (in.)
10C1/2 130.3 7548 <0059 0136
10C2 1/2 133.2 77.0 +0058 .0123
105 132.1 7540 #0057 J0121
10C7 130.0 7645 #0059 +0118
10015 128.3 76.9 0050 009l
10¢20 13069 78.3 +0056 .0081
10C35 130.1 7540 #0056 006}
10N1/2 128.8 7643 #0051 #0123
1082 1/2 130.4 76.9 0051 0112
1GN5 132.1 7745 .0048 0105
10N7 132,0 75.8 ~0048 0095
ZON15 1279 7643 <0048 «0087
1GN20 128,5 77.1 <0047 +0077
10835 127.5 7544 . 40052 +0051

7c1/2
7C2 1/2
7%

77
7C15
7¢20
7C35

¥ADC TR 54-5T4

SAMFPLES WDER PRESSURE DIFFERENTIAL OF 5 INCHES QF WATER

133.8 TS +0058 0126
132.7 78.9 +0051. »0122
132.0 T742 0057 0119
129.4 80.5 <0051 0115
130.8 81.3 #0053 #0101
128,3 80,7 <0057 008}
1314 T5.7 0056 «0070



TABLE III THREAD COUNF AND YARN WIDTH MEASUREMENTS FROM PRINTS (Cont'd)
SAMPLES UNDER PRESSURE DIFFERENTIAL OF 5 INCHES QF WATER (Cont'd)

TN20
TN35
10C1/2
102 1/2
10C5
30C7
10C15
10C20
10C35
N1 /2
10N2 3/2
1085
10N7
10015
10N20
10035

Ends Per
m

134.8
15640
130,2
13645
125.2
12647
124.6
129.6
132,1
133.4
129.1
127.1
130,62
129.4
129,2
130.2
131.5
131.8
126.5
127.5
127.3

WADC TR 54-57h

Picks Per
L

7540
78.6
7.1
80.0
T3
81.1
80.5
7543
76.8
7546
766
7545
7%
75.0
7643
7643
7549
7546
7546
7645
57

13

Avsrege Warp

«0054
<0048
«0048
0046
0051
<0048
«0057
#0058
#0057
#0057
«0060
0050
«0057
#0057
«0049
0052
<0048
0048
«0046
<0047
0051

Average Pill

#0114
0120
0113
#0104
0083
#0077
#0048
#0136
«0123
012}
0117
«0096
<0079
<0064
+0125
.0110
+0103
«0096
#0084
0077
«0051
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TABLE III THR:ZAD COUNT AND YARN WIDTH MZASURTMENTS FROM PRINTS (Conttd)

Sample
Number

7€1/2
@ 1/2
75

7CT
7€15
7¢20
7C35
™1/2
™2 1/2

TNLS
™20

10C1/2
102 1/2
10C5
10C7
10015
10C20

1035

SAMPIES INIER PRESSURE DIFFERENTIAL OF 10 INCHES OF WATER

Ends Per
dosh

13442
132,8
1306
129,.8
131,0
130.4
130.9
1323
128,.8
130.0
13642
125.4
126.7
24,2
128.5
132,0
130.9
129.4
127.7
130.7
128.9

WADC TR 54574

Picks Per
Jash

775
7945
TT4
80.0
81.1
82.5
758
75.0
7840
TT3
7849
7647
80.6
80,2
754
7645
T5¢2
7643
7545
7.6
7540

Average Varp

+005%
«0051
#0062,
20053
«0053
#0059
#0057
0052
«0046
0048
.0046
#0052
-0048
#0057
0058
«0059
#0059
+0061L
#0053
0058
0057

Average Fill

Jamn Width (ip.)
«0127
0121
0122
oOL1E
+0101
#0080
#0071
«0115
+0120
+0112
+0106
«0080
«0076
+0049
+0135
0123
0121
<0127
+0094
0082
«0066
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TABLE III THREAD COUNT AND YARN WIDTH MEASUREMENTS FROM PRINTS (Cont'd)

SAMPLES UNDER PRESSURE DIFFERENTIAL OF 10 INCHES (F WATER (Cont'd)

Average Varp Average Fill
‘ Xarp Width (in.)
#0052 »0126
«0055 <0113
«0050 .0109
<0052 +0102
<0048 «0089
#0048 «0081
+3055 #0055

20060
0052
+0061
«0055
«0055
#0061
0058
0052
«0046
<0047
«0047
#0055
#0047
#0060

Sexple Ends Per Picks Per
Number dneh pe-1- W
1N1/2 129,0 76.3
1082 1/2 130,0 7645
205 131,0 769
10N7 132.3 7546
10N15 126,3 76.0
10820 127.9 76.8
10N35 126,.8 756
SAMPLES UNDER PRESSURE DIFFERENTIAL OF
7C1/2 134.0 ("
7C2 1/2 130.7 78.9
7C5 131.7 76.7
707 129.1 80.5
7015 130.8 8.3
7020 129,7 82,3
7635 1304 75.8
™1/2 13k ols 7540
™ 1/2 129.5 T7+9
™5 128,2 763
™ 135.4 78.4
™S 125,0 T7e3
TN20 125,8 80.4
™35 124.5 80.7

WADC TR Sk-5Th

18 INCHES OF WATER
«0130
<0125
0121
<0117
+0103
+0083
<0073
.0116
0117
.0112
.0108
0081
#0077
#0052




TABLE III THREAD COUNT AND YARN VVIDTH MEASUREMUNTS FRCM PRINTS (Cont d)

SAMPLES UNDER FRESSURE DIFFERENTIAL OF 18 INCHES OF WATER (Cont'd)

Senmple Ends Per Picks Per
Number dnch Anch
10C1/2 126.9 754
10C2 1/2 1310 76.3
1065 131.3 752
10C7 128.3 77.0
10C15 128,2 756
10C20 130,2 78.8
20C35 129.1 7540
10N1/2 128.4 758
10N2 1/2 129.4 75.8
10NS 130.5 75.8
10N7 130.6 754
10N15 126,3 7542
10N20 126,8 76.6
10N35 126.5 T5.h

WADC TR 54-57h

16

Average Warp

Yamp ¥idth (in,)
«0057
#0060
+0059
«0064
+0054
+0062
#0059
<0051
#0053
«0050
<0049
«0047
~0048
.0056

Average Fill
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PERCENT OFEN AREA OF CLOTH VERSUS PRESSURE (INCHES QF WATER) AND AIR PERMEABILITY

Sample
bz

70142
€2 12
75

€7
€5
7620
7635
™1/2
™2 1/2

VADC TR 54-574

0% Pressure
Rifferentisl
Air Open
Perm. Ave,X
o 2.99
0 .80
o 1.50
0 2.04
o 421
(] 9.64
o 9.19
o 3.99
0 2.15
0 5426
0 5.86
0 1h.56
0 16.32
0 21,62
0 -1,06e
0 73
] .62
o 1.37
] 7.9

TABLE IV

(rrS v /er?)
2" Pressure 5" Pressure
Riffereptial Differeptisl
Mr Open Air Open
Doy Ares,X Ferm Area%
75 37 1”11 53
102 1,21 207 1.2
158 1,04 302 2,01
180 2.61 342 2,52
b34  4.03 T2 9449
890 9.52 1253 8,65
1073 13.38 1711 12,42
37 431 M2 3.9
327 2.16 594 2.4
469 4.8 838  4.83
833 6.73 1097 6.25
1049 12.97 1657 12.96
193 15.43 1936 1471
1550 19.10 2542 17.77
95 =.71° 183 -.60*
131 1,20 264 1.37
183 2,28 356 2,04
W3 2,27 351 2.34
564  9.93 980 10,03
17

10" Pressure
Differential
Air Open

Peym Area,X
265 .33
356 1.23
492 1,06
539 2.50
1185 5.53
1936  7.84
2572 11.72
690  4.29
939 2,61
1265 5.05
1633 6.11
2477 13.44
2931 15.88
3760 17.73
300  -.54e
442 1,31
576 2,05
594 2,26
1485 9.38

18" Pressure
Differential
Alr Qpen

Borm Area,%
39t .13
511 A4
725 1.4
791  1.69
1708  4.56
2667 €,62
3600 10,88
9.69 3.91
1322  3.58
1830 5.78
2299  5.57
3416 11.68
Lou8 15.57
NR MR

h63  -.50%
655 1.15
843 1.69
879 1.36
aA71 7.5

-‘\‘s-rq'&.




TABLE IV
PERQNT OPEN AREA (F CLOTH VERSUS PRESSURE (INCHES OF WATER) AND AIR PRRMEABILITY

(rr3MINFT?) (Cont'd)

Semple 0" Pressure 2" Pressure 5" Pressure 10* Pressure 18° Pressure

Aly Open Air Open Air Open Air Open Air Open
Paxm Area,Z Poyp Area X Perm Apee,X DPosmp Area.Z Pemm Areaf

10C20 0 7.53 1133 9.76 1372 9.92 2026 8.80 2827 6.2
10C35 0 13,71 1193 14.11 1984 13.65 2768 13.40 Lok8 11.32
10N1/2 0 3424 300 2,11 549 1,70 845 1.27 1194 2.33
N2 1/2 0 501 351  L4.65 701 5.19 1096 3.86 1540 4,03
10N5 0 6.87 535 6.7 980 8,05 1461 5.58 2124 5.25
10N7 ) 8434 833 10.26 1193 10.17 1752 7.lh 2477 7.50
10N15 0 13,18 1073 12,98 1847 15.26 2732 12.7h 3802 13.75
10N20 0 16,71 1313 16,09 2257 16.47 3368 14.59 NR NR

1835 0 19,30 1711 20,74 2827 21.53 4182 17,68 ER MR

NR = No Reading

® . Indicates a cover factor greater than unity or ro open area, This of course
is not the case.

WADC TR S4e574 18
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Figure 2
VIEW OF AIR PERMEABILITY APPARATUS
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Figure 10

PREOTOGRAPH OF YARN WIDTH MEASURING DEVICK
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Figure 11

PHOTOGRAPH OF SAMPIE 7C 2 1/2 @ TEN (10) INCHES WATER PRESSURE

WADC TR 54-574 29



Pigure 12
PHOTOGRAPH OF SAMPLE 7C 5@ TEN (10) INCHES WATER PRESSURE

WADC TR 54-5Th . 30




PHOTOGRAFH OF SAMPLE 7C 742 TEN (10) INCHES WATER PRESSURE

WADC TR 54-574 31




Figure 1
FHOTOGRAFH (F SAMFLE 7C 15@ TEN (10) INCHES WATER PRESSURE

WADC TR Sh=5Th 3e



Figure 15

FHOTOGRAFH OF SAMPLE 7C 20 & TEN

(10) INCHES WATKR PRBSSURE
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Pigure 16
FHOTOGRAFH OF SAMVLE 7C 35 € TN (10) INGHES WATER PRESSURE

WADC TR 5h-5Th 34



PHOTOGRAPH OF SAMPLE N 1/2 @m (10) INGHES WATER PRESSURE

WADC TR Sk-574 35
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mormmwwn7u2uzam (10) INCHES WATER PRESSURK
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Figure 19

FHOTOGRAFH OF SAMFIE 7N 5 @ TEN (10) INCHES WATER PRESSURE
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Figure <0

FHOTOGRAFH OF SAMPLE 7N 7 @ TRN (10) INCHES WATER PHRESSURE

WADC TR 54-57h 33



Figure 21
PHOTOGRAFPH (F SAMPIE 7N 15 @m (10) INCHES WATER PRESSURK

WADC TR 5k=5Th 39




Figure 22
FHOTOGRAFH OF SAMPLE 7N 20@ TEN (10) INCHRS WATER PRESSURR

WADC TR 5k-STA Lo
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Pigure 25

PHO!‘(BRAPHQFW?NBS@TBJ (10) INCHES WATER PRESSURE

WADC TR 54-57h 4



Figure 2,
PHOTOGMAFH OF SAMPLE 10C 1/2 @ TIN (10) INCHES WATER PRESSURE

L2
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PHOTOGRAPH (F SAMPLE 10C 2 1/2 ¢ TEN (10) INGHES WATER PRESSURE

WADC TR 54-574 43
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Figure 2%

FHOTOGRAPH (F SAMPLE 10C S (@ TRN (10) INCHES VATER PRESSURR

WADC TR 54-57h by



¥igure 27

PHOTOGRAFH OF SAMPIE 10C 7@m (10) INGIES WATER PRERSSURE

WADC TR 5k=574



Figure 4
FHQTOGRAPH OF SAMPLE 10C 15 @ TEN (10) INCHRS WATER PRESSURE

¥ADC TR 54=5Th Lé
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Figure 29
PHOTOGRAFH Qf SAMPIE 10C 20 @ T®N {(10) INCHES WATER PRESSURE

WADG TR 54574 L7




Pigure 3C
PHOTOGRAFH OF SAMPLR 10C 35@ TEN (10) INCGHES WATER PREBSSURE
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PHOTOGRAFH OF SAMPIE 10N 1/2 £2) TEN (10) INCHES WATRER PRESSURE

WADC TR 54-574
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PHOTOGFAPH OF SAMPLE 10N 2

WADC TR 54=574

1/2 @ TEN (10) INGHES WATER PRESSURE
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FHOTOGRAPH OF SAMPIE 10N 5 €2 TRN (10) INCHES WATER PRESSURE
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Pigure 3k
PHOTOGRAFH (F SAMPLE 1N 7 (@ TRN (10)

WADC TR 54-57h 52

INCHBS WATER FRESSURE
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Figure 35

PHOTOGRAPH (F SAMPLE 10N 15 @) TEN (10) INCHES WATER FRESSURE

WADC TR 54574 S8

-7



Pigure 36
PHOTOGRAFH OF SAMPIE 1N 20 @m {10)

WADC TR 5k=574 Zh

INGIES WATER PRESSURE
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PHOTOGRMPH GF SAMPIE 10N 35 ¢ TEN (10) INCHES WATER PRE
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